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Tutorial Introduction and Motivation

This tutorial attempts to demonstrate an introductory representation of a scientific
visualization workflow. All software used in this tutorial is open source and is both
available and supported at the National Center for Computational Sciences (NCCS). The
software described in this tutorial can be obtained from the respective websites and is
available for Linux, WIN32, and MacOS. The hardware requirements for this tutorial
have been limited to include most laptop and desktop machines.

This tutorial involves a preliminary climate dataset from the Community Climate System
Model (CCSM) simulations performed on the Cray X1E at the NCCS. Scientists are
interested in carbon assimilation via photosynthesis and the return of carbon dioxide to
the atmosphere via microbial respiration. This tutorial will outline the steps required to
create a visualization illustrating the product of the net ecosystem exchange near the
Amazon Basin, the Congo, and Eastern Europe and the CO; flux due to the respiration of
vegetation and soil microbes, sometimes referred to as “green CO,”.



A First Look At The Data

It is often useful to use low-level lightweight visualization tools to obtain a quick

preliminary understanding the data.

At the lowest level, the ubiquitous ncdump is installed as a part of the netCDF library.
Ncdump simply generates an ASCII representation of a specified netCDF file on standard
output. Ncdump may also be used as a simple browser for netCDF data files, to display
the dimension names and sizes; variable names, types, and shapes; attribute names and

values.

While often useful, browsing data files with ASCII text is not an effective visualization

tool.
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For quick visual representations of the data, a more appropriate lightweight tool is
ncBrowse. NcBrowse is a Java application that provides interactive graphical displays of
data and attributes from a wide range of netCDF data file conventions. Comprehensive

help for ncBrowse can be found online at

http://www.epic.noaa.gov/java/ncBrowse/terminology-index.htm

1. Start ncBrowse.

2. Left-click on File->Open File (or hotkey Ctrl-O) and navigate to the
f14.011.cam2.h0.1900-02.nc netCDF data file to open it.
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1. Click View->As Tree...

2. A new window should appear showing a tree view of the Dimensions, Attributes,
and Variables. Click the “Expand All” button at the bottom of this new window.

3. Observe the Dimension tree. Observe that the data is represented using 48 grid
points latitude north and 96 grid points longitude east. Also observe that we have
36 levels where positive values represent “down”. This is counter intuitive to
many people that are familiar with positive values representing an increase in

altitude.



£ f14.011.cam2.h0.1900-02.nc (Tree View)
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1. Collapse the Dimension and Attribute trees by left-clicking on the twirly icon to
the left of the text and file folder icon.

2. Expand and collapse the Variables tree so that we can see each variable branch.
This tree-view offers a concise summary of variable data size and dimensions.
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1. We are interested in visualizing CO, formations over land, so scroll down to the
CO2_LND variable and expand the variable.

2. Observe that the data is stored as floats and is on a 96x48x26 grid.
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1. Close the tree-view window.

2. Scroll down in the “Select Variable for Display” window and double left-click on
the CO2_LND variable. This will open a new “Domain Selector” window.

3. Observe that the latitudinal degrees north range from -87.16 to 87.16 and the
longitudinal degrees east range from 0.0 to 356.25.

4. Remember that larger values of lev correspond to decreased altitude. This is
counterintuitive, so check the Reverse radio box in the lev row. Now positive
values of lev will represent higher altitudes.

5. We traditionally represent height on the y axis, so click the ‘y’ radio box under
Dependent Variable in the level (lev) row. The ‘x’ radio box for latitude should
automatically update to reflect the necessary changes.



£ COZ2_LND from 14.011.cam2.h0.1900-02.nc (Domain Selector) M=
float CO2_LMDdime, ley, [at, lan);

units = "kalkg";

lang_name="C02_ LKD"

«cell_method ="time: mean";

Dependent
Variable
Units " v  Reverse Start End

days since 1000-01-01 000000 [ [ [1900-03-01 000000 |- | []
lesvel O [3.5446380000000097 | -+ | [902.5560909009908 | - |
degrees_north (][] [sr.1se00455506285 || [67.15900455586285 |-

degrees_east 0o 0.0 |E| E

Graph Variahle | ‘ Close ‘

Latitude (horizontal lines) is the angular distance, in degrees, minutes, and seconds of a
point north or south of the Equator. Lines of latitude are often referred to as parallels.
Longitude (vertical lines) is the angular distance, in degrees, minutes, and seconds, of a
point east or west of the Prime (Greenwich) Meridian. Lines of longitude are often
referred to as meridians.
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The following graphic represents the latitudinal and longitudinal grid mapping
observations made thus far in the tutorial.

48 90

grid
latitude

\O
S

0 longitude 360

0 orid 96

1. Observe that the y-axis is set to level and the x-axis is set to latitude. It is possible
to adjust the Start and End scope of these axes, but leave the values at the default.

Observe that we can only change the start of longitude since this represents the
cutting plane location only.

2. Click the Graph Variable button at the bottom of the Domain Selector window.

3. A new Graphic Display window will appear. Observe a possible plume forming

over land at -20 degrees latitude.
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f14.011.cam2.h0.1900-02.nc
CO2_LND

-
=
[ab]
=
=
k]

0 40
lat (degrees_north)

I I I I I
4.3e-004 4.4e-004 4.4e-004 4.4e-004 4.5e-004 4.5e-004

CO2_LND [lon=0.0, lat=", lew=", tirn e="1800-03-01 00:00:00 GMT]

We are visualizing a pseudo-color cut-plane at O degrees longitude. The graphic below
represents how this cut-plane corresponds to the overall volume.

lat
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1. Change the longitude value to 180.0 by typing 180.0 into the Start text box in the
longitude row.

< CO2_LND from f14.011.cam2.h0.1900-02.nc (Domain Selector)
float COZ_LMDdime, ley, lat, lan;

units = "kalkg',

lang_name ="Co2_LND"

:cell_method = "time: mean®,

Dependent

Variahle
Units X ¥ Reverse Start

days since 1000-01-01 00:0000 (101 [ [1900-03-01 000000 | | []
level Ll |3.5446380000000087 |E| |392.5560999999595 |E|
degrees_north [l [] |ar.15909455586285 |E| |87.160054 55586285 |E|
degrees_east L1 [ | |1BD.D |E| E‘

Graph Variable | ‘ Close |

2. Click on the Graph Variable button. Observe the resulting Graphic Display
window.

Graphic Display from £14.011.cam2.h0.1900-02.nc
File View

f14.011.cam2.h0.1900-02.nc
CO2_LND

40 0 40
lat (degrees_north)

I I I I
4.3e-004 4.42-004 4.40-004

I
. 3e-004 4. 3e-004 4.3e-004
CO2_LND [lan=1800, 1at=", |ev=", tim e=1800-03-01 D0:00:00 G KIT]
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We have now moved the cut-plane to the center of the data grid as illustrated in the
following graphic.

We now want to animate the cut-plane through the volume without having to type in each
plane coordinate.

1. Return to the main NetCDF File Browser window, closing any child windows
that we have opened so far.

2. Highlight the CO2_LND variable name in the “Select Variable For Display”
window by left-clicking the text.

3. Now, click on the “New Map...” button below the “Select Variable For Display”
window. The Variable Map Designer window will open.

£ Variable Map Designer &3]

Variable Map Name: | |
Source: Target:
Mame Deseription 20 ]
thnd 2 points) =
chars points) 3
at at (48 paints) = X Axist
on on (96 points)]
= e (26 points; .
lew lev (27 points)] ¥ Axist
sccp_prs scep_prs (7 points)]
isccp_tau scep_tau (7 points)] ——
sccp_prstau scep_prstau (49 poi ILOELIR
ime ime (1 points)]
0

fime_bnds ime fond] D@l
date_written ime chars]
fime_written ime chars] @D
nirm
nirm =
""" — Contour:
[] Show All Dimensions

X Axis must have avariable o dimension assigned.




A map is designed by dragging sources from the left to the target on the right.
Left-click-and-hold on the “lat” variable listed in Source window. Drag and drop
it into the blank box labeled X Axis in the Target window.

2. Drag and drop the “lev” variable to the Y Axis Target window.

3. Scroll down in the Source window and find the CO2_LND variable. Drag and
drop this variable into the Contour Target window.

4. In the “Variable Map Name” text box at the top of the Variable Map Designer
window type “CO2_LND Contour Animation”.

5. Click the “Done” button at the bottom of the window to save the new map. This
will close the Variable Map Designer window.

6. Now focus once again on the main “NetCDF Browser window. Use the scrollbar
to scroll to the bottom of the “Select Variable For Display” list. You will see a
new listing in blue called “CO2_LND Contour Plot”. Double-left-click this item.
A new Parameter Editor window will appear.

& - Bx
X Azis > lat [1a(]

¥ Asis --> lev [lev]

Contour --» CO2_LND [tirne,lew lat,lon]

Axes

[ ] Reverse X (lat) Reverse Y {lev) [ |

Parameters

Name Units Range Start End

lat degrees_north l-a7.15909455586 285 |E| |37.15909455508285 |E|
ey level |3.5446380000000087 |E| 992 5560900555908 |E|
lan degrees_east Il 0.0 |E|

time days gince 1900-01-01 00:00:00 O |1QDD-03-D1 00;0o:00 |

Plot Options

] | | Advanced Options... |

| Apphy | | Help | | Close |
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7. Left-click the radio box labeled “Reverse Y (Iev)” in the “axes” section to add a
checkmark. The positive y values will now correspond to increased altitude.

8. Now left-click the Plot button at the bottom of the Parameter Editor window.
This will create a new window labeled CO2_LND Contour Animation that looks
similar to what we have seen previously in this tutorial.

9. Observe that back in the Parameter Editor window an icon that was grayed out
and unavailable before we opened the plot window. The icon is in the “lon” row
and looks like a movie film strip. Click on this movie strip icon to open the
Animation Controller window.

Animation Controller for
lon {degrees_east)

Current Frame

A

L Lald || ]
slower ——————— A faster

10. Click the Play icon (third button from the right) to begin the animation. The
CO2_LND Contour Animation window will display the cut-plane animation.
Drag the speed slider to the right of the window to increase the speed of the
animation.

Animating cutplane along meridians.
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A Detailed Look At The Data

A more detailed visualization of the dataset, using techniques that our lightweight
visualization tools do not support, is often desirable. For this tutorial, the Vislt
visualization software will be used. The Visit software and documentation can be
downloaded at www.lInl.gov/visit. This tutorial assumes the default configurations
settings in Vislt after a fresh install.

1. Start Vislt. You will see a screen similar to the one below.

naafSKONSOBISN d(u) D[H] 2@+ L8k

[A]

2. We first need to open our datafile. Left-click on “File” option at the top left of the
menu bar and then left-click on “Open File” (File->Open File).

2% Vislt 1.5.5 EEX) 2 wind

File Controls Options Windows Help

[& Selectfile . .. Ctri+F
M

Advanced file options 3
Refrash fils lisk ChrHR
File infarmation . . . Chr+I
Compube engines . . CHE
Sirulations . . . Ctrl+-shift+S
u Save windaw Chrl+S
Set Save options . . . Crl+5hife+0
Save movie . . . _I_I
Export database . . |
& Print window DOverlay |
Set Print options . . . Chrl+P —
Restore session . . .
Restore session with sources . . . J I ’ |
Save session . . .
Extt iy L Feplace plots
T — Auto update
Aclive plots Hide/Shaw Delete | Draw |
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Navigate to your data file and left-click it to highlight the filename.
Select the NETCDF file type in the “Open file as type” drop down menu.

Click the OK button at the lower right hand corner of the “File open” window.

NOTE ON VISIT 1.5.5: Vislt 1.5.5 has a minor NetCDF bug that will occasionally cause a
warning message to appear. In the context of this tutorial, the message may read, “The compute
engine running on host issued the following warning: In domain 0, your nodal variable
“CO2_LND” has 11501568 values, but it should have 119808. Some values were removed to
ensure Vislt runs smoothly. This bug has been patched and will not appear in the 1.6 release of
Vislt. For the purposes of this tutorial, this dialog can simply be dismissed.

-
£” File open

g Host IIocthost ;I

] Path [Cidata =l
Fiter  [*

I Use "curent working directon” by default  File grouping I Smart 'I Remove paths

irectories
. [current directary)
[go up 1 directory level)

Open file a2 type: I WETCDF

Refresh ﬁl Cancel

Observe the f14.001.cam?2 datafile is highlighted in the Selected files window.
Notice that the Open button has been replaced with the ReOpen button.

2% Vislt 1.5.5 (=)(E3
File Controls Options Windows Help
Selected files _I
I;!lloc:alhost

® 2 “data\14.011.camz h0.1900-02. ne

FRelpen | Feplace I Owerlay |
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Observe the active plotting section of the Vislt interface. Left-click on “Plot” on
the menu bar to display the pull down menu. Hover the mouse cursor over
“Pseudocolor” to reveal the available variables. Hover the mouse cursor over
“CLDHGH?” to reveal the next level of variables. Now left-click CO2_LND.

Active window Faintair limitz [T Replace plots
m [T wiewl data [T fwto update
Active plats HidesShow | Delete | Diram
CLEHGH
CLDICE
CLOLIG
CLOLCW
CLOMED
CLEOTOT
CLOUD
CMFD
mOperatnrs PlobAkts Opakks Yariables CMFDOR
IE; Boundary: el CMFDT
- @ Contour 3 CMPMC
E Curve 4 o
COZ_FFF
' Filled Boundary
Hiskogram 3 o2 iz
ﬁ Label » COMCLD
@ Mesh , CPLPRCER.
CPLRAINC
( Malecule » CPLRATNL
8 CLDHGH. .. CPLSNOWC
[ﬁ Scatter 4 CPLSMOWL. .. b
‘@ Streamline FENTOA... '
PRECSL. .. 3
W st SHOWHLND... v
4“ Surface 3 T »

_T_b

Tensar
Truecolor

‘ectar

Yolume 3

I
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1. Observe the CO2_LND variable and filename listed in green in the active plots
window. Click on the twirly to the left of the filename to expand the tree.
Observe that the Pseudocolor plot is listed as a branch under our variable name.

Active window I ainkair limitz ™ Replace plats

I 1 'l [ viewl™ data M Auto update

Active plots Hide/Show | Delete | Diraw |
L '-_ Pseudocolor

Flots Operators Plotatts Opakts Variables

¥ Apply operators and selection b all ploks

2. Double-left-click on the Pseudocolor branch to see its properties. A new
Pseudocolor plot attribute will appear.

& ” Pseudocolor, plot attributes E|E|g|
Centering  {+ aE = Modal & Zonal
Limits [ Use Original Data |

I~ Min [0

™ Max |1

Scale & Linear © Log ¢ Skew

Skew factor |1

Point zize [pirelz] |2

[T Scale point size by variable default |

Paint Type I Fuaint ;I
1 1 | 1 |
Opscty o 7
Color table hat |

W Legend ¥ Lighting

Geomety smoothing  + Mone € Fast € High

I ake defaultl Feset |
Apply Poszt| Diemizz
oy | Post]_Diams|
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3. Move the Opacity slider down to 75% by left-clicking-and-hold on the slider
triangle and moving the mouse to the left.

4. Click the Apply button and then click the Dismiss button.

ElelEEGEEEE 1511
LN L AN

[FEET T XL EARKICAD

DB:f14.011.cam2.h0.1900-02.nc
Cycle: 2

Pseudocalor
Var: CO2_LND

~ Units: kg/ke
i 1 _>I_| - 0Gbousas

—0.0003476

—
»> | |>| .—uuuuzaw

™ Replace plats —0.0001159

™ Auto update l
ran 0.0000

Max: 0.0004635
Min: 0.0000

Plats operators Plotatts OpAtts Variables

IV Apply operatars and selection to all plots

user: déb

Tue Mar 06 14:29.07 2007

5. The entire volume of CO2_LND is now visible. Left-click-and-hold on the
rendering window. Move the mouse around to manipulate the camera view.
Middle-click-and-hold on the rendering window. Move the mouse up and down
to zoom in and out.
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1. Our pseudocolor plot does not illustrate the information we seek. Delete the
pseudocolor plot by first left-clicking on the name of the variable in the Active
Plots list and clicking the Delete button. Alternatively, you could click the Hide
button if you wish to use the plot again.

[T FReplace plots
™ Auto update

M aintain lirits

™ wviewl data

Active window

K =

Active platz

Hide/Show

Delete

Diraw

1 15:(14.011.cam2.h0.1900-02.ne - COZ_LND

2. Click on Plots->Volume->CLDHGH->CO2_LND. A volume entry is now listed

Pzeudacolar

in the Active plots window.
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1.

The volume will now appear in the rendering window. Observe the default
transfer function in the rendering window (the color ramp and associated function

to the immediate left of the color ramp).

- o=k RGa@dd 4 (e ) DB 2] W8k
o I RN RN
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Ut g
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————r1
| <[ > | » | R
o T 00001159
(1 P Spising
b | o

00000
WMox 00002635
Win: 00000

0]

2. Double-left-click on the new volume entry in the Active Plots window to reveal
the Volume plot attributes pop-up window. This window allows the user to define

the how the volume is rendered.

DB:14.011.cam2.h0.1900-02.nc
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Volume
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3.

Observe the rendering options in the Volume plot attribute window. Generally, it
is better to keep lower settings while building the visualization and then increase
the settings to render presentation quality images. Leave the default settings for
now.

Mumber of samples | 50000 _:
Murnber of glices 200
Samples per ray A00
Rendering method 30 Texturing |l|
_ Splatting
Gradient method 30 T estuning
— hod Fay cazting: compositing
=i i Ll Rap cazting: inteqgration [grey zcale)

W Legend W Lighting [T Smooth Data

We discovered earlier that as y-axis (lev) values increased altitude decreased. We need
to reverse the y-axis again to make our visualization more intuitive by adding a reflection
operator to the volume plot.

1.

Select and highlight the volume plot in the active window by left clicking the text
in Active plots window. Now left-click on the “Operators” item in the Active
plots menu bar. Choose Reflect by left-clicking it.

Observe the “twirly” to the left of the volume plot listing in the Active plots

window. Left-clicking this icon will expand and collapse the plot tree. Left-click
this twirly a couple of times to see the effect of expanding and collapsing the tree.
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1. With the plot tree expanded, double-left-click the Reflect operator branch in the
Active Plots window. The Reflect operator attributes window will appear.

2. Left-click the Input Mode radio 3D option in the Reflect operator attribute

window.

3. The pink sphere in the first quadrant represents the original data. Green boxes
inside the other quadrants represent reflections. White boxes represent no
reflection. A green box can be toggled on or off by clicking the box inside the
quadrant. To reverse the y-axis, add a green reflection box to the left of the

original quadrant as shown in the figure.
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&7 Reflect operator attributes |- ||E|E| &~ Reflect operator, attributes

Input mode 20 Input mode 20
Original data octant | T +2 LI Original data octant | 4+ 2 ;I
Reflection octants Reflection octants

Frant visw Fromt wiems
Reflection Limits: Feflection Limits:
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Make defaultl Feset | ake defaultl Feset |
Apply | EI Dismissl Apply | EI Dismissl

4. We only want to see the reflection, however and not the original data, so left-click
on the pink sphere. Notice that the pink sphere representing our data disappeared.

5. Click on the Apply button to update the reflection operator. Click on the Dismiss
button to close the Reflect operator attribute window.
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To visualize how the continents of Earth relate to our volume render we will need to
import another data file. We will use a texture map, blue_marble.png, that has been
aligned with the grid used in the f14.001.cam?2 netcdf file.

1.

Click File->Open File from the top level menu bar (or the ctrl-O hotkey). Browse
to the blue_marble.png data file. Now the blue_marble.png file should be the
active selected file in the Selected files panel list.

Notice the first button below the Selected files list. This button is context
sensitive. It will either read Open, Activate, or ReOpen. In this case, it should
read ReOpen. If we select the £14.011.cam?2.h0.1900-02.nc file once again by left
clicking on the filename in the Selected files list, the button will change to
Activate. Activate indicates that Visit has already opened the file but the file is
not currently the activated file. When creating plots, the plot is created using the
active data file. Select the blue_marble.png file once again and insure that it is
activated.

In the Active plots window click Plots->Truecolor->color. This will add a new
top level pseudocolor plot into your Active plots window.

Select the blue_marble.png file from the Active plots list and left-click on Draw.
A warning message will pop-up declaring that “The plot dimensions do not
match”.

£* Information EI[E| E|
Error!

The plot dmensionz do not match.

Dismiss |
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5. Observe that the blue_marble.png text in the Active plots window turned red to
indicate an error.

Achve window Faintain limits ™ Replace plots
I 1 vl [T wiew™ data [T &uto update
Active plots Hide/Shaw | Delete | Dirawm |

w |8 15:14.011.cam2 h0.1900-02.nc - COZ_LND

L * Walume

Truecolor

Ploks Operators PlotAtks OpAtks Wariables

¥ Apply operators and selection to all plots

We need to convert this image from 2D space to 3D space. This can be accomplished by
adding a transform plot operator. We only want to add this operator to the
blue_marble.png plot and not our f14.011.cam2.h0.1900-02.nc plot. By default, Vislt

will apply a new plot operator to all Active plots.

1. Uncheck the “Apply operators and selection to all plots” radio box at the bottom
of the Active plots window. This informs Vislt that new operators should only

apply to the selected plot in the Active plots window.

Active window b aintain limits [™ Replace plats
I 1 'I ™ viewl™ data [T Auto update
Active plotz Hide/Shaw | Delete | Diraw |

w |3 15:114.011.cam2 h0.1900-02.nc - COZ_LND

L * Yaolume

Truecolor

Ploks Operators Plobatks Opdtts  Yariables

[T Apply operators and selection to all plats
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2. Ensure that the blue_marble.png plot is selected in the Active plots window and
then click on Operators->Transform in the menu bar. The translate operator will
only be added to our blue_marble.png plot.
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3. Double-left-click the “Transform” text branch from the blue_marble.png plot in
the Active plots window. Observe that the Transfer operator attribute window
has appeared.

Active window b aintain limits [~ Replace plots
I 1 vl [~ wiewl data [T Auto update
Active plats Hide /S haw | Delete | Diraw

w |83 314,011 cam2 h0.1900-02.nc - COZ_LND

waw
gw

' Wolume

Ly

Truecolor

Flots Cperators PlobAtts Opatts  Wariables

I~ Apply operators and selection to all plots

4. Left-click the Rotate radio box to add a checkmark. Now change the rotation axis
to 0 1 0 using the keyboard. Leave the degrees of rotation to 0. This informs
Vislt that we wish to use 3D space for this truecolor plot.

5. Click Apply button in the Transfer operator attribute window. Click the Dismiss
button in the Transfer operator attribute window.

£” Transform operator attrib... E@E|

Arbitrary IEoordinate |

¥ Rotate
Origin {000
Agiz 0110
smount [0 6 Dea € Rad
™ Scae
Origin J000
x [ vy [ oz [
[T Translate
w o v oz o

M ake de[aultl Reszet |
Apply | EI Dismissl
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6. Observe that the blue_marble texture is visible in the rendering window. It may
appear too dark however. It may appear this way because the lighting model is
being calculated. There is a light source at the camera so if the texture plane is
normal with the eye position, we see the texture fully lit. As we tilt the plane
away from the camera position, it appears darker. We need to correct the dark
texture by turning off the lighting calculations.

] &2 ineo __ — :
|Fo@kocee=agdgkid@sSOddd|d e ) P[] 2% WS K]w\ & I

Volume
DB: f14.011.cam2.h0.1900-02.nc
Cycle: 2
Var: CO2_LND
Units: kg/k
- 0%004685

T I | I

|— 0.0002317

— 0.0001159

0.0000
Max: 0.0004635
Min: 0.0000

user: Jamison Daniel

_I Fri Mar 16 10:34:00 2007

7. Double-left-click on the blue_marble text in the Active plots window to open the
Truecolor plot attributes window.

8. Uncheck the Lighting radio box in the Truecolor plot attributes window.
9. Click the Apply button in the Truecolor plot attributes window.

10. Click the Dismiss button in the Truecolor plot attributes window. .
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11. Observe that the blue_marble texture now appears to be fully lit regardless of
position.
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The texture size in the rendering window is very large compared to the volume plot. It is
also on the top of the volume instead of the bottom of the volume where we would
normally expect it.

1. Highlight the f14.011.cam plot by clicking on the top level text in the Active plots

window. Click on Controls->Query from the top panel (or press ctrl-Q to hotkey).
The query window will appear.

Eile |Q:untrnls Dptions  wWindows Help

E : Animation . . . Chrl4+8 ﬁ
@l I5) Aonotation . . . Chrl+H |
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! Material Options . . CErl-+r _I—I
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2. Observe the queries options listed in alphabetical order in the Queries window.
Scroll down and highlight “Spatial Extents” by left clicking the text. Now click
the Query button.

Dizplay — Query parameters

| &l ¢ Original Data
Blueries + Actual Data

Revolved surface area
Revalved volume
Skewness

: 5patialE stents
Spherical Compactness Factaor
Time
Total Length

TrajectoryByM ode
TrairprtaruR U nne bl
4 | E

Huery results

The actual extentz are [0, 95, 0, 47, -26, 0]

Clear results | Fost | Cizmiss |

3. Observe the results of the f14.011.cam2 Spatial Extents query in the Query results
window, “The original extents are (0. 95, 0, 47, 25)”.

4. Highlight the blue_marble.png plot by left clicking the top level text in the Active
plots window. Now click on Query button once again. Observe the spatial
extents of the blue_marble texture, “The original extents are (-0.5, 1023, -0.5,
513.5)”.
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Dismiss the Query window by clicking the Dismiss button in the Query window.

Open up the Transform operator attribute window by double left-clicking on the
Transform operator text under the blue_marble active plot listing in the Active
plots window.

Observe that the horizontal extent of the volume is 95 and the horizontal extent of
the texture is 1024. The result of dividing 95 by 1024 is 0.0927734375. This
result is the scaling factor. The depth of the volume along the z axis is 25 and the
texture plane is on -0.5.

Click on the Scale and Translate radio boxes in the Transform Operator Attribute
window to add a checkmark. Enter the scaling value 0.0927734375 into the X, Y,
and Z boxes under Scale. Enter the z-axis translate value -25.5 into the Z box
under Translate, leaving X and Y at 0.

Click the Apply button and Dismiss the Transform Operator Attribute window.
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7 Transform operator attrib...
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10. Observe that the continent texture is now correctly aligned with the volume.
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Performance Considerations

1. Left-click on hold anywhere in the rendering window. Without releasing the
mouse button, move the position of the mouse. This will change the camera
position of the visualization. Notice that while the mouse is moving a bounding

box appears around the plots.
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There are several performance and configuration options that the user can manipulate.
Depending on your hardware resources available, you may want to turn off bounding box
navigation.

2. Toggle the bounding box navigation button at the top of the rendering Window to
off.

3. Left-click and hold in the rendering window and move the mouse to manipulate
the view position. Observe that the bounding box does not appear and the volume
can be seen constantly while manipulated the camera at the expense of greater
computational costs.

4. Click on the Options->Rendering... menu on the top level menu bar

&7 Vislt 1.5.5

File Controls | Cptions Windows Help
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Preferences . . .

Save Settings
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Relpen | Replace | Dwerlay |
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5. Change “Use display lists” from “Auto” to “Always” by left-clicking the
appropriate radio box. This allows OpenGL to save certain rendering states
possibly reducing future rendering expenses.

" Rendering options
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Annotation
6. Activate the f14.011.cam2 volume in the Active plots window by left-clicking it.

7. To open the Annotation window click on Controls->Annotation from the top level
menu bar (or hotkey ctrl-N).

2% Vislt 1.5.5 £

Eile Mgptinns Windows  Help
B g Anirnation . . . Chrl-as —
g 1= ~onotation . . . Chrl+h
L. > Color table . . CErl+T = mi
£ [Zl command ... Ctrh+Shift-+C
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at+h Expressions . . . Ckrl+Shift+E
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l) Lighting . .. ChrlL
= Lineout . . . Ctrl+ShiFt+L
ﬂ Material Options . . . Ckrl+-M
_I Mesh management . . . Chrl+-Shift+H
_ & pick. .. Chrieshift+p  fE1E
J_ QUEryY . ., Chrl+i3 -
Query over time options . . Ckrl+-Shift+C
e Subset .. Chrl+U
— CE View. .. Chrl+y =
Bctive WIndow EETRET IS I Rer
m I wviewl™ data ™ &
e Dian et et I r.

8. Left-click on the 3D tab in the Annotation window.
9. In the 3D tab, left-click on the Title and Labels tab.
10. Uncheck the X, Y, and Z radio boxes under Show labels.

11. Left-click the Apply button. Observe that the rendering window is now not as
cluttered.
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12. Left-click on the Colors tab.

13. Left-click on the white box directly to the right of “Background Color”. This

reveals the color selector. Choose the black color by clicking on the top left black

square in the color selector window.

£7 Annotation
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14. Click the Apply button in the Annotation window to update the rendering
window. Observe that the background is now black.

15. Using the color selector, change the foreground color by clicking on the
foreground color box and selecting a yellow/orange. Observe that the colors of
the text and axis information are now better contrasted against the black
background.
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Saving the Session

1. Click on the File menu from the top level menu bar and click “Save session...”.

2. Enter the preferred name and location of the .vses session file. This session file
can later be restored by choosing File->Restore session... from the top-level
menu bar.
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Building the Transfer Function

As stated before, we are looking for CO, plumes that are forming as a result of the green
CO; in the Amazon Basin, the Congo, and Eastern Europe. These plumes are not visible
from our current rendering window. We need to build the transfer function appropriately.

Exploration and communication with the domain scientists are critical to finding an
appropriate transfer function. The following graphic illustrates several renderings that
were used as a communication tool with the climate scientists that allowed the
appropriate transfer function to be discovered.

1. Double-left-click on the top level £14.001.cam?2 text in the Active plots window to
open the Volume Plot Attribute window. Our simple transfer function slopes
linearly from right to left. The vertical position of the line represents opacity
while the horizontal position represents data values.
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&* Volume plot attributes
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2. Ensure that the f14.011.cam?2 plot is active in the Active Plots window and
navigate to the Query menu using the mouse (or hotkey ctrl-Q) to bring up the
window.

3. Select the MinMax text in the Queries scroll window and then click the Query
button.

4. Observe in the Query results window that the maximum value is .000463 and our
minimum value is .000424.

B(=1E9

Dizplay — Query parameters —
X ~| | & Oiiginal Data
Queries ™ Actual Data

Localized Compactness Factor ;l
kazz Distribution

b ax

kin

koment of [nertia

Mode Coords

M odePick,

I';JLIImNDdE$ | _FILI E!uer_l,ll

Cuemny results

-
;|

CO2_LMND - Min = 0.000424 [node 112687 at coard
£73.000000, 21.000000, 24,000000:)
COZ_LMD - M ax = 0.000463 [node 117730 at coord
<34.000000, 26.000000, 25.000000:)

i

Clear rezults Past | Dizmiz= |

5. Return to the Volume Plot attribute window by double-left-clicking the
f14.001.cam?2 text in the Active plots window.

6. Click the radio box to the left of “Min” to add a checkmark. Do the same for
“MaX”‘

7. Enter the values that we observed from the MinMax query into the appropriate
text box for Min and Max.
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&* Volume plot attributes

— Colar
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8. Click on the first small black rectangle button underneath the transfer function
viewport. This will clear the transfer function canvas.

9. Observe the two Interaction mode options, Freeform and Gaussian. Freeform
mode lets you click and draw on the transfer function viewport window directly.
Using this method with the Smooth button can be an effective way to define a
transfer function.

10. Click on the radio box for the Gaussian method.

— Opacity

Interaction mode € Freeform % Gaussian

> | | smoo|

oo i }

Opacity wariable default - |

I Min Il:l I Max II:I
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11. Click near the top left corner of the transfer function viewport window. This will
place a Gaussian curve in the viewport window with several control handles.

— Opacity

Interaction mode € Freeform % Gaussian

-| 'l | Smu:u:uthl

Attenuation —= 100

Opacity varniable default A |

I Hin IEI I ET IEI

12. Hover your mouse cursor over a corner of the Volume Plot Attribute window.
Your cursor should change to an icon that indicates a window resize.

13. Left-click-and-hold-and-drag to resize the window to enlarge the transfer function
viewport.

14. Left-click-and-hold one of the lower handles of the Gaussian curve. If you
clicked the left handle, drag it to the left. If you clicked the right handle, drag it to
the right. The curve will remain symmetric. If you wish to delete a Gaussian
curve, simple right-click on any handle.

— Opacity

Interaction mode ¢ Fresfarm % Gaussian

O pacity variable default - |

™ Hin ID I e ID
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15. Click Apply. Our rendering window is now updated to show the green CO, near
the Amazon Basin, the Congo, and Eastern Europe. However, we still do not see
the CO, plumes themselves. For this we will need another Gaussian curve.
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16. Add another Gaussian curve to the transfer function viewport and shape it as
shown below. Notice that this curve is a much smaller height than our first curve,
thus the opacity values will be much more transparent.

— Opacity

Interaction mode ¢ Freefom ¢ Gaussian

Opacity wariable default 4 |

™ Hin IU ™ Han ID
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17. Click the Apply button.
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Increasing Rendering Quality

Below the transfer function viewport window, there are several rendering options that can
be changed to increase rendering quality or increase rendering speed.

1. Change the rendering technique to 3D Texturing by selecting 3D Texturing from
the Rendering Method drop down menu.

2. Increase the Number of samples to 14000000 by either typing it into the text box
for “Number of Samples” or use the associated slider bar.

3. Increase the number of slices by typing in 4000 in the text box associated with
“Number of Slices”.

Number of zamples | 1400000 1}

Humber of slices I 4000

Samples per ray |500

Rendering method I 30 Texturing LI
Gradient method ¢ Centered diff & Sobel

Sampling method % Rasterization " FKemel Bazed

W Legerd ¥ Lighting I~ Smooth Data

48



4. Click the Apply button to view the results, observing that the rendering time may
have increased and the rendering quality has also increased.

5. Click the Dismiss button to close the Volume plot attribute window.
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1. Return to the Annotation window by navigating Control->Annotation (or
simple hit the Ctrl-N hotkey) in the top-level menu bar.

2. Click the “Objects” tab in the Annotation window.

3. Click on the Text button in the “Create New” section. Observe the new entry
for the text object appear in the ‘“Annotation objects” window.

4. In the Text section of the Annotation window, enter “carbon dioxide over
land” into the text box to the right of “Text”

5. In the Text section of the Annotation window left-click-and-hold the drop
down arrow icon next to the text box associated with “Lower left”. Drag the
mouse cursor over the new square canvas that appeared. This small window
represents the larger rendering window. Place the crosshairs near where you
wish your text annotation to appear and release the mouse button.
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6. Click on the 3D tab in the Annotation window.
7. Remove the Show Axis checkmark by clicking the associated radio box.

8. Remove the Show bounding box checkmark by clicking the associated radio
box.

9. Click the Apply button to update the rendering window.
10. Click the Dismiss button to close the Annotation window.

11. Observe the CO, plumes rendered in blue and the green CO, near the Amazon
Basin, the Congo, and Eastern Europe in the rendering window.

12. Save your session file.
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